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Abstract: In this study, adsorption behaviors and mechanism of Sb(III) ions onto Fe(III)-treated humus sludge 
adsorbent (FTHSA) from aqueous solutions was investigated using batch adsorption techniques, Fourier transform 
infrared (FT-IR) spectra and scanning electron microscopy coupled to an energy dispersive spectrometer (EDS). 
FTHSA was prepared via immersing with 1 mol/L FeCl3. The effects of dosage, contact time, Sb(III) initial 
concentration and pH on the adsorption of Sb(III) onto FTHSA were investigated. Sb(III) adsorption was favored 
at pH with 2.0 and decreased dramatically with increasing pH. The description of equilibrium data of Sb(III) 
adsorption by Langmuir, Freundlich and Dubbin-Radushkevich isotherm models showed that Langmuir model 
provided the best fit for Sb(III) adsorption with maximum adsorption amount of 9.433 mg/g. Pseudo-first-order, 
Pseudo-second-order, Elovich and Intraparticle diffusion model were applied to describe the adsorption process of 
Sb(III) ions onto FTHSA. The results showed that pseudo-second-order model described well for Sb(III) 
adsorption and chemical adsorption played a dominant role in the adsorption process. The FT-IR spectra also 
indicated that the chemical interactions as ion exchange among the metal ions and N-H, O-H, C=O, COO, C-O 
were mainly involved in the adsorption process. Therefore, FTHSA has a suitable potential removal for Sb(III) 
ions in practical process. 
Keywords: antimony (III), humus sludge adsorbent, Fe(III)-treated, adsorption isotherm, kinetic model 
Introduction 
Antimony (Sb) is mainly found in only oxidation states (III, V) at pH of 2~10 in natural water environment 
[1]. Human exposure to Sb is primarily accumulated through drinking water and food chain causing damage to the 
liver, lungs and cardiovascular system [2]. Sb and its compounds has far-reaching impacts because of its strong 
mobility and complexation reactions in environment[3], are considered as global pollutants and priority control 
pollutants by many countries or regions[4]. However, Sb is widely used in various industries such as alloys, 
glasses, plastics and batteries, making waste incineration important source of Sb to the water environment[5]. 
China is the largest Sb producer in the world with approximately 90% of the world’s production[6]. Due to the 
complex characteristic of wastewater containing antimony, lacking of latest technology, chaotic management, etc, 
many surface and groundwater are seriously polluted by the Sb-containing wastewater with Large Discharge 
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Standard in China[7,8]. Therefore, Sb poisoning and pollution events should been concerned by the scientists in 
China. 
 Some treatment methods for Sb have been developed in the past few decades, such as coagulation 
precipitation, biological method, adsorption and electrochemical methods, etc[4]. Among them, biosorbents in the 
genre of Lichens[9], cyanobacteria[10], seaweed[11], sludge[12,13] and other waste materials have performed 
well in the sequestration of Sb ions from aqueous solutions. Owing to the advantages of large adsorption capacity, 
low cost and widely source, the sludge adsorbents which contained carboxyl, amino, hydroxyl and phosphoric 
acid groups are applied to removal harmful heavy metals ions from solution by some researchers [14,15]. 
Meanwhile, granulation and modification technologies were be developed for overcoming the shortcoming of the 
poor separation of muddy and water and the low adsorption capacity[4,16,17]. Moreover, Fe(III) modification 
technology is considered to be one of the best modification and strengthening technology for Sb 
removal[12,13,18]. However, humus sludge and Fe(III)-modification technology for removing antimony is rarely 
reported. So, influencing factors and adsorption mechanisms are not clear and need to be further studied.  
The aims of this paper are to: (1) prepare a Fe(III)-treated humus sludge adsorbent (FTHSA); (2) characterize 
the structural and surface characteristics of FTHSA by Fourier transmission infrared spectroscopy (FT-IR) and 
scanning electron microscope (SEM); (3)survey the influence factors, adsorption isotherm and kinetics 
consequence of Sb(III) iron onto FTHSA by using batch equilibration method. The results of this paper may 
provide theoretical and technical support for the treatment of antimony-containing wastewater.  
Material and Methods 
Humus sludge and FTHSA 
Fresh sludge was collected from Xiangtan wastewater treatment plant in Hunan province. The main character 
of the sludge: moisture content was 76%, pH value was 6.8, volatile suspended solid was 45.8%. About 10 kg 
fresh sludge was dried in a freeze drier at 105 ℃ again to a constant weight, then grinded and sieved (100 
mesh).The fresh sludge adsorbent appeared in the form of fine powder and stocked before use. According to the 
literature[14], the other 10 kg sludge was fermented in the conditions of aerobic ventilation for 35 days. Then, 
as in the previous examples, the humus sludge sorbent was appeared and stocked in desiccator before use. 
According to the reference[12], 50 g humus fine powder was added to 500 ml, 1 mol L-1 FeCl3 solution. Under the 
continuously shaking at the speed of 100 rpm for 24 h, the humus fine powder was collected and washed 
repeatedly by deionized water until no Fe(III) ions were detected in the supernatant. The suspension was filtrated 
and dried in a freeze drier at 80 ℃ again to a constant weight. The FTHSA appeared in the form of fine powder 
and stocked in desiccator before use. 
Chemicals 
Potassium antimony tartrate (purity>99.9%), NaBH4, NaOH, KI, ascorbic acid, etc, with a purity of 99.0% 
were purchased from Flying Boat Chemical Reagents Technology Co. Ltd. Tianjin, China. HCl purchased from 
Beijing Chemical Industry Co., Ltd, excellent grade pure. The experimental water was taken from Synergy UV 
Millipore water (Millipore, USA). Configured Sb(III) aqueous solutions of 25 mg L-1 concentrations and was 
stored in a refrigerator at 4 ℃. 
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Batch sorption procedure 
Sorption experiments were performed by a batch equilibrium method. Some FTHSA was mixed with 250 ml 
of 25 mg L-1 Sb(III) solution at 25 ℃. Upon reaching the adsorption equilibrium, the formed suspension was 
continuously stirred at the stirring rate of 3000 rpm for 5 mins. The above supernatant was then filtered with a 
0.45 μm pore-size cellulose acetate membrane filters. Some part of filtrated aliquot was used to analyze the 
residual Sb(III) concentrations. The other was used to determine the final pH. All experiments were performed in 
triplicate. The adsorption experiment was carried out under sealed light conditions.  
At the conditions of pH 6.0, dosage of 4.2 g L-1, reaction time of 120 min and Sb(III) initial concentration of 
25 mg L-1, the experiments were carried out to investigate the  adsorption differences of sludge adsorbents, humus 
sludge adsorbents and FTHSA. Then, the effects of pH(1~6), adsorbent dosage(1~6 g L-1), Sb(III) initial 
concentration(10~450 mg L-1) and temperature(10~30℃ ) on the removal of antimony by FTHSA were 
investigated by single factor test. The isothermal adsorption experiment was carried out at pH=2 and the 
adsorption isotherm concentration range was 10.0~450.0 mg L-1. The adsorption kinetics experiments were lasted 
400 min, and sampling at different time intervals to analyze the concentration of supernatant concentration Sb(III). 








                               (1) 
Where Ci and Cf (mg L-1) are the initial and equilibrium concentrations of Sb(III) in solution, respectively.  
Characterization and analytical methods 
The concentration of Sb(III) in the experiment was determined by atomic fluorescence spectrophotometer 
AFS-9700. Separating Sb(III) and Sb(V) with a strong anion exchange column (PRP X100), the ammonium 
tartrate (200.0 mmol L-1, pH 5) was liquid. The system can do morphological analysis with Sb(III) and Sb(V), 
while achieving detection. The sample was tested at the same time as a blank test to replace the sample with 
deionized water. The recycling of Sb(III) was calculated to be 90.0%-99.5%. Sb(V) was not detected, implying 
that Sb(III) did not occurred oxidation reaction during the adsorption process.  
The interface interactions of humus sludge sorbent, FTHSA and FTHSA adsorption of Sb(III) were 
investigated using SEM-EDS and FT-IR. All of the lyophilized samples were sprayed with gold and analyzed by 
SEM (JSM-6380LV, Japanese electronics company) coupled with EDS spectroscopy (Bruker XFlash 5010, 
Germany). The FT-IR spectra were investigated using a Niclet 6700 spectrometer. 
Results and Discussion 
Effect of sludge types 
As shown in the Fig.1, highlighted the variation of the adsorbed onto three adsorbents with the adsorption 
removal rate of Sb(III) 47.72%, 63.21% and 86.51%, respectively. The results indicated that both of humus 
treatment and Fe(III)-modification could improve the adsorptive removal of Sb(III). Compared with humus sludge, 
the FTHSA presented better adsorption performance. This was consistent with the experiment results by Wu et 





Fig.1 Effect of Sludge types (1- FTHSA, 2-humus sludge, 3-Fresh sludge) on the removal rate of Sb(III) ions 
 
Effect of pH 
Effects of pH on the removal rate of Sb(III) ions by FTHSA is displayed in Fig2. At pH in range of 1~6, the 
removal rate increased first and then decreased and the highest removal rate of 89.00% reached at pH=2. The 
removal rate displayed no significant changes with pH in range of 2~4, which is close to the other observed results 
by Kumar B, et al[12,19]. But it’s less than the acidity coefficient pKa (3.6) of antimony potassium tartrate, which 
may be related to Fe(III)-modification. The presence of Sb in solution is very complex and closely related to pH 
value. When pH< 2, Sb(III) is mainly cationic Sb(OH)2+, in range of 2~10.7, it is mainly composed of [H3SbO3] 
[4]. According to the calculating software Visual MINTEQ, at temperature of 20 ℃, the antimony potassium 
tartrate exists in a variety of forms. With the pH of 2~3, in the form of Sb(OH)3 accounted for 75% ~80.0% , the 
rest is the Sb(OH)2+ or [SbO]+ [20]. And with the pH of 4~7, Sb(OH)3 accounts for 99.0% or more. When pH <2, 
H+ will completely combine with Sb(OH)2+ for adsorption sites, and the increase of pH will inhibit the formation 
of Fe(III) hydroxyl iron oxide and the solubility of iron ion which will reduce the adsorption removal effect of 
Sb(III). Therefore, pH is one of the most important parameters affecting Sb(III) ion adsorption process[21]. In this 
study, the best adsorption effect has been achieved at pH=2. 
 
Fig.2 Effects of pH on the removal rate of Sb(III) ions by FTHSA: Initial concentration of Sb(III)=25 mg L-1, contact 
time=120 min, temperature=20 ℃, dosage of sorbent= 4.2 g L-1, volume of solution=250 mL. 
 
Effect of dosage 
Fig.3 shows the variations of Sb(III) removal rate under different dosage of FTHSA. The removal rate of 
Sb(III) increased linearly to 93.2% with the dosage increasing from 1000 mg L-1 to 4800 mg L-1, and slowly 
increased to 96.0% with the dosage increasing to 5600 mg L-1. It indicates that the removal rate does not 
significantly elevated when the dosage of FTHSA is over 4800 mg L-1.This was absolutely consistent with other 
observed by Sun, et al [22,23]. It was reported that the adsorbent surface provided more functional groups and 
adsorption sites with the increasing of dosage, and the removal rate increased. On the other hand, the removal rate 
is remain within a stable range and is no longer elevated when desorption has achieved dynamic equilibrium. So, 
taking into account the costs and removal efficiency, the best dosage of FTHSA should be 4800 mg L-1.  
 
Fig.3 Effects of dosage on the removal rate of Sb(III) ions by FTHSA: pH=5, initial concentration of Sb(III)=25 mg L-1, 
contact time=60 min, temperature=20 ℃, volume of solution=250 mL 
 
Effect of initial concentration 
As Shown in Fig.4, the excellent Sb(III) removal was achieved when the initial concentration of Sb(III) is 
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within 5~50mg L-1, with the removal efficiency between 99.0% to 97.5%. Moreover, the concentration of Sb(III) 
in solution is below 0.05mg L-1. However, the removal efficiency decreased from 87.1% to 34.4% when the initial 
concentration of Sb(III) increased from 75mg L-1 to 450mg L-1. The removal efficiency decreased obviously. It is 
deduced that FTHSA is well-suited for treatment of low antimony wastewater in the range of 0~50mg L-1.  
 
Fig.4 Effects of initial concentration on the removal rate of Sb(III) ions by FTHSA: Contact time=60 min, pH=2, 
temperature=20 ℃, dosage of sorbent= 4.2 g L-1, volume of solution=250 mL. 
 
Effect of temperature 
As shown in Fig. 5, the removal rate of FTHSA for Sb(III) ions decreased with the increasing of temperature. 
Removal rate of FTHSA for Sb(III) ions at 283.15, 293.15 and 303.15 K were found to be 95.3%, 93.3% and 
91.6%, respectively. The results showed that removal efficiency was slightly decreased with the increasing of 
temperature. So the temperature has little impact on the removal of Sb(III) from aqueous solution onto FTHSA. 
Fan et al.[24] got the same results when they treated the antimony wastewater by other sorbent. Moreover, the 
changing trend of removal efficiency under different temperature implied that adsorbent of Sb(III) from aqueous 
solution onto FTHSA belongs to exothermic reaction. 
 
Fig.5 Effects of temperature on the removal rate of Sb(III) ions by FTHSA: contact time=120 min, pH=2, dosage of sorbent= 
4.2 g L-1, volume of solution=250 mL, initial concentration of Sb(III)=25 mg L-1. 
 
Adsorption isotherm 
In this study, the adsorption isotherm study was carried out using Langmuir, Freundlich and Dubinin–
Radushkevich (D–R) isotherm[25]. The applicability of the isotherm models to the adsorption study data was 
compared by judging the correlation coefficient (R2) value[25]. 
Langmuir isotherm model 
The Langmuir adsorption isothermal model describes a valid monolayer adsorption process, which assumes 
that all the adsorption sites have equal solute affinity and that adsorption at one site does not affect the adsorption 











                                    (1) 
Where eq (mg g
-1) is the amount of the Sb(III) in solid phase, maxq (mg g
-1) is the maximum adsorption 
capacity, b(L mg-1) is the Langmuir equilibrium constant, the greater the value, the stronger the adsorption 
performance of the adsorbent, eC (mg L
-1) is the equilibrium concentration of Sb(III) in the solution.  
The linear plot of Ce/qe vs. Ce is shown in Fig.1a. The values of the constants maxq  and b listed in Tab.1. 
The qmax values of 9.433 mg g-1 reflected that maximum adsorption amount of FTHSA is bigger than 
cyanobacteria ( 4.88 mg g-1 )[10], seaweed(4.0 mg g-1)[11], but is much smaller than Lichens(81.1 mg g-1) [9].The 
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b values of 0.119 L mg-1 reflected that the adsorption performance is stronger than Fe(III)-treated fungi aerobic 
granules (0.112 L mg-1)[26], and weaker than Ferric hydroxide (0.275 L mg-1)[27]. In all, FTHSA has highly 
adsorption amount.  
 
Fig.6 The plots of adsorption isotherm model for the equilibrium date of Sb(III) adsorption onto FTHSA at 20 ℃: (a) 
Langmuir, (b) Freundlich and (c) D-R isotherms. 
 
Freundlich isotherm model 
The Freundlich adsorption isothermal model is applicable to both monolayer reversible adsorption and 
multilayer adsorption. It is given as Eq. (2). 
1/n
e f eq K C                                  (2) 
Where Ce is the equilibrium concentration of Sb(III) in solution (mg L-1), Kf and 1/n are the Freundlich 
isotherm parameters which describe adsorption capacity and adsorption intensity, respectively.  
The values of Kf and 1/n can be determined experimentally by plotting log qe versus log Ce. As shown in 
Tab.1, Kf and 1/n were 3.336 and 0.189, respectively. The values of 1/n is much smaller than 0.5, implying a 
closely relation between adsorbate and adsorbent. It is concluded that the adsorbate can be easily adsorbed when 
the value of 1/n is between 0.1 and 0.5, while it is difficult to be adsorbed when the value of 1/n is over 2.0 [28]. 
The value of R2 (R2>0.96), Freundlich models were well fitted the adsorption of Sb(III). It implied that there was 
both electrostatic interaction and ion exchange during the adsorption process. SEM characterization also further 
confirmed that these materials had larger hole volume size and smaller aperture.  
 
Tab.1 Isotherms parameters for the adsorption of Sb(III) onto FTHSA 
 
Dubinin-Radushkevich model 
The D-R isotherm model is more widely used than the Langmuir isotherm or Freundlich isothermal, because 
it does not assume a homogeneous surface or constant adsorption potential [25]. It may be expressed as: 
2( ) ( )e sLn q Ln q                             (3) 
Where  is the D-R isotherm constant (mol2 kJ-2), qs is the theoretical isotherm saturation capacity (mg g-1); 
is the Polanyi potential, and calculated as follows: 
    (1 1 / )eR T l n C                                    (4) 
Where R is universal gas constant, 8.314 Jmol-1K-1; T is the absolute temperature (293.15K). Ce (mol L-1) is 
the concentration of Sb(III) in equilibrium solution.  
The experimental data of D-R model had been analyzed by linear method from the plot of lnqe vs. Ɛ2. As 
shown in the Fig.6(c) and Tab.1, the plot of lnqe vs. Ɛ2 give a straight line with the R2 of 0.8940, and the values of 
qs and  are 8.39E
-8 mol2 KJ-2 and 179.45 mg g-1, respectively, which are determined from the intercept and 
slope using the linear regression method. The parameter  offers noteworthy information about the mean 
adsorption energy, which is the free energy change when one mole of ion is transferred to the surface of the 
sorbents from the solution[29]. It is calculated by the Eq. (5). 
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1/2( 2 )E                                      (5) 
The value of E is useful for estimating the type of adsorption process[28]. According to the nature of the 
forces existing between the adsorbate and sorbent, adsorption process can be classified as physical adsorption (1-8 
KJ mol-1), ion exchange (9-16 KJ mol-1) and chemical adsorption (>16KJ mol-1)[30]. The value of E in this study 
was found to be 24.1 mol KJ-1 (Tab.1), indicating that the adsorption mechanism of Sb(III) onto FTHSA is 
chemical adsorption[29,30].  
In conclusion, Langmuir isotherm parameters fit quite well with the experimental data for Sb(III) adsorption 
on FTHSA and yielded isotherms that was agree well with observed the behavior (R2>0.99), indicating a 
monolayer adsorption process[28]. The adsorption capacity of Sb(III) on FTHSA at 293.15 K from Langmuir 
model was 9.433 mg g-1. D-R isotherm further supported that the adsorption Sb(III) on FTHSA was a chemical 
sorption process. 
Adsorption kinetics 
As everyone knows, adsorption kinetics is dominated by physical and chemical characteristics of the 
adsorbent during the mass migration process [31]. In order to investigate the kinetic characteristics of the 
adsorption process of Sb(III) ions onto FTHSA from aqueous solution, pseudo-first-order pseudo-second-order, 
Elovich [32],and intraparticle diffusion[31] kinetic models are used to fit the experimental data. 
Pseudo-first-order model 
The pseudo-first-order equation based on the solid adsorption capacity is the most common, it may be written 
as Eq.(6)[32]. 
1(1 exp( ))t eq q k t                                    (6) 
Where k1(min-1) is the pseudo-first-orde adsorption rate constant, qt and qe (mg g-1) are the adsorption 
capacity at time t (min) and at equilibrium, respectively.  
As shown in Fig.7(a) and Tab.2, the plot fitted the experimental data, and the calculated value of qe (9.340 
mg g-1) is very consistent with the experimental value of qe (9.433 mg g-1). So, it implies that the adsorption 
process of Sb(III) ions onto FTHSA can well be described by pseudo-first-order model. 
Pseudo-second-order model 
The pseudo-second-order kinetic model assumes that the adsorption rate is controlled by the chemical 
adsorption mechanism, which involves the electron sharing or electron transfer between the adsorbent and the 
adsorbate. It is described as Eq.(7). 
2/ ( 1)t e e eq q q k q t                                   (7) 
Where k2 (g mg-1 min-1) is the pseudo-second-order adsorption rate constant, qe and qt (mg g-1) are the Sb(III) 
the adsorption capacity at equilibrium and at time t (min), respectively.  
The fitting curve of qt vs. t is plotted in Fig.7(a) and used to obtain the calculated pseudo-second-order 
parameters and correlation coefficient. The values of theoretical qe (10.185 mg g-1, Tab.2) and experimental qe 
(9.433 mg g-1) are approximately equal to each other. And the correlation coefficient (R2) is up to 0.993 which 
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reveal the adsorption of Sb(III) ions onto FTHSA follows the pseudo-second-order kinetic model[25,28]. 
Elovich model 
Elovich model primary has been used to describe the kinetics of the chemisorption of gases on solids. But, 
same researchers applied this model to describe chemisorption of adsorbate by a solid in an aqueous medium. This 
model is formulated with the Eq.(8). 
ln( ) / (1/ ) lntq t                                    (8) 
Where qt (mg g-1) is the Sb(III) the adsorption capacity at time t (min), α (mg mg-1 min-1) is a sorption 
constant for Sb(III), and β (g mg-1) is related to surface coverage and chemical activation energy. 
As seen from the Fig.7(c), the fitting curve does not converge well when the Elovich model was applied to 
the experimental data. But the sorption of Sb(III) onto FTHSA are example of heterogeneous systems because the 
reactions involve component types that exhibit different chemisorption activation energies[25,28]. 
Intraparticle diffusion model 
The intraparticle diffusion model describes the mechanism of diffusion between particles and the pores of the 
adsorbent. It is expressed with the Eq.(11). 
0.5
4t i iq a k t                               (11) 
Where k4i (mg.g-1 min-0.5) is a rate constant of stage i which related to the thickness of the boundary layer, αi 
(mg g-1) is an intraparticle diffusion model constant of stage i. The adsorption capacity qt versus t0.5 should be 
linear. If the plot passes through the origin, the rate limiting process may be from intraparticle diffusion. However, 
if the data presents multi-linear plots, two or more steps are contained in adsorption process.  
 As seen from the Fig.7(b), adsorption capacity qt vs. t0.5 shows two stages, which are strong linear but 
different slopes. The first stage described the rapidly external resistance to mass transfer surrounding the surface 
of adsorption particles. The second stage represented the gradual absorption stage with the intraparticle diffusion 
dominating. The calculated intercepts (α1, α2) value are 0.381 and 8.595, respectively, suggesting that the pore 
diffusion was not sole rate controlling step due to the difference in rate of mass transfer in the first and second 
stage of adsorption. These findings implied that the rate dominating step of adsorption process of Sb(III) onto 
FTHSA might be originated from boundary layer diffusion or external mass transfer effects[25,28]. 
 
Tab.2 Calculated kinetic parameters for the adsorption of Sb(III) onto FTHSA 
 
Comparing the results obtained from the above four models, the pseudo-second-order model can best fit with 
FTHSA adsorption on Sb(III). The whole adsorption process of Sb(III) adsorption onto FTHSA was in conformity 
with the pseudo-second-order kinetic model. It is possible to announce that the chemical adsorption on FTHSA 
surface plays a dominant role in the adsorption process[33], and that Sb(III) ions can combine with thiol groups of 
FTHSA through covalent chemical bonds. 
 
Fig.7 The plots of pseudo-first-order(a), pseudo-second-order(b), elovich(c) and intra-particle diffusion(d) models for the 
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kinetic data of Sb(III) adsorption onto FTHSA: contact time=120 min, pH=2,dosage of adsorbent=4.2 g L-1, volume of 




 As shown in Fig.8(a), the morphology of humus sludge adsorbent was heterogeneous with few small bulges 
on the surface with EDS analysis. It contained C, O, Al, Si, Ca, Cl, K and Fe (Tab.3), and Sb iron was not detected. 
After Fe(III)-treated, as expected, many pores were seen on the FTHSA surface (Fig.8(b)), and the contents of Fe 
was 5.66 wt.% was 8.2 times compared to the humus sludge adsorbent. The similar results also were found by 
Wang, et al.[12] and M.J. Jimenez-Cedillo,et al.[34]. Moreover, the content of K was much smaller than before 
treatment, which implied that the K+ was important for the modification of humus sludge adsorbent with an ion 
exchange effect[12]. After adsorption of Sb(III), the Sb content in FTHSA increased to 1.32 wt.%, which implied 
that Sb(III) ions were adsorbed onto it.   
 
Fig.8 SEM images of humus sludge sorbent derivatives (a) humus sludge sorbent, (b) FTHSA, ( c) FTHSA with Sb(III) 
 
Tab.3 Elemental composition of humus sludge sorbent, FTHSA and FTHSA with Sb(III) 
 
 The FT-IR spectra of the humus sludge adsorbent, FTHSA and after sorption of Sb(III) are presented in the 
Fig.9. As shown in Fig.9(a), a broad strong absorption bands observed at 3423 cm-1 was corresponding to O-H 
stretching vibration of the hydroxyl groups from the alcohols, and carboxylic acids or N-H stretching vibration. 
Four peaks at 2958, 2925, 2854, and 1401 cm-1 displayed the asymmetric stretching vibration, symmetric 
stretching vibration , bending vibration and symmetric bending vibration of the -CH2. The bends at 1654 and 1538 
cm-1 display the -C=O and C-N stretching vibrations of amide I from peptide bonds in proteins and C-N stretching 
vibration and N-H deformation vibration of amide II from peptide bonds in proteins, respectively[12]. A weak 
band observed at 1079 cm-1 was C-O stretching vibration and attributed to the presence of the alcohols or 
carboxylic acids[34].The big peaks observed at 1036 cm-1 was O-H stretching vibrations and attributed to the 
presence of lots polysaccharides[12]. The bands less than 1000 cm-1 are fingerprint spectrum which provided the 
information of phosphoric acid group and sulfur containing group[35]. 
The obvious changes of FTHSA in the FT-IR spectra were presented in Fig.9(b). FTHSA displayed a broader 
peak in the range of 3414 cm-1, which implied the presence of O-H and N-H functional groups on the surface. The 
bands in the range of 2960-2852 cm-1 were own to the C-H stretching vibration, which shifted in FTHSA. The 
peak at 1654 cm-1, which assigned to the C=O stretching vibration for the amide I band from the EPS[36], moved 
to 1650 cm-1 in FTHSA. The band at 1036 cm-1 also shifted to 1040 cm-1 owning to the O-H stretching vibrations 
from polysaccharide, which implied that the polysaccharide played an important role in Fe-treat[12] .These results 
suggested that the functional groups were successfully changed by the Fe(III)-treatment. After the adsorption of 
Sb(III), in FTHSA FT-IR spectra also changed significantly ( Fig.8(c)), with characteristic peak position changing 
to 3403, 2926, 1648, 1546, 1039 and 534 cm-1. The peaks in the range of 3400-3430 cm-1 are due to the stretching 
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vibrations of N-H and O-H bonds[36,37]. The movement of the absorption peak at 1648 cm−1 is assigned to the 
C=O stretching vibration for the amide I band[36]. The weak peak at 1401 cm-1 corresponds to the C-O stretching 
vibration in the phenolic hydroxyl groups and anti-symmetry stretching of COO. The strong peak at 1040 cm-1 is 
attributed to the C–O stretching vibration. The movement of that position indicates that the C-O bond from the 
humus reacts with the Sb(III). Additionally, the wave peak were shift from 536 to 534 which ascribed to the 
stretching vibration of the Sb(III)-O[27]. These results indicated that the chemical interactions as ion exchange 
among the metal ions and N-H, O-H, C=O, COO, C-O were mainly involved in the adsorption. 
 
Fig.9 FT-IR spectra of (a) humus sludge sorbent, (b) FTHSA ,(c) FTHSA with Sb(III) 
 
Conclusions 
Adsorption behavior and mechanism of Sb(III) onto FTHSA surface under different conditions have been 
investigated. The adsorption of Sb(III) onto FTHSA were affected by dosage, contact time, initial concentration of 
Sb(III) and pH. And the value of maximum adsorption capacity of FTHSA was obtained to be 9.433mg/g. The 
Langmuir model plot the best fit to the experimental data of Sb(III) ions adsorption. The pseudo-second-order 
model can best fit with FTHSA adsorption of Sb(III). It also suggested the chemical adsorption on FTHSA surface 
played a dominant role in the adsorption process. The chemical interactions as ion exchange among the metal ions 
and N-H, O-H, C=O, COO, C-O were mainly involved in the adsorption of Sb(III) onto FTHSA. The FTHSA may 
be an efficient and cheap sorbent for removal the Sb(III) from wastewater. 
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